INTRODUCTION
Salivary gland tumors comprise a rare disease process in which malignant cells form in the tissues of the minor and major salivary glands. These can be subdivided into epithelial and non-epithelial neoplasms, approximately 95% of which are epithelial. Approximately 90% of primary epithelial salivary gland tumors occur in the parotid gland; the remainder occur in submandibular, sublingual and other minor salivary glands. The rate of malignancy in each salivary gland is inversely correlated with the size of the salivary gland; approximately 20%-25% parotid gland tumors are malignant in comparison to 60%-80% of minor salivary gland tumors [1] . Amongst primary parotid gland malignancies, acinic cell carcinoma (AiCC) accounts for 1% to 6% of all epithelial salivary gland tumors and 10%-15% of all primary parotid malignant tumors [2] . It is typically diagnosed by pathology, as it can easily be mistaken clinically or radiologically for a different disease process [3] .
AiCC is considered a low-grade, indolent salivary gland carcinoma with cure rate of 89% at 5 years [4] . High-grade transformation, formerly known as de-differentiation, is a rarely recognized event in AiCC that has been increasingly reported in the past 10-15 years [5] . A large National Cancer Database (NCDB) study performed by Xiao et al [6] found that amongst eight identified histopathologies, AiCC demonstrated positive clinical nodal disease in 10% of cases and occult positive nodal disease in 4.4% of cases. Further, high-grade differentiation was significantly predictive for nodal metastasis and worse overall survival in AiCC. Cases of AiCC with distant metastases are largely reported in case reports and smaller case series in the literature, with such studies identifying higher stage, presence of lymph node involvement, lymphovascular invasion and perineural invasion (PNI) as possible predictive characteristics [1] . While surgical excision is well-established for low-grade tumors with favorable pathologic characteristics, the treatment paradigm for high-grade malignancies is less well-defined. The majority of studies describe treatment with surgery and adjuvant radiation therapy, with occasional implementation of chemotherapy [7] . Treatment planning is of particular importance as a small subset of patients with high-grade tumors have shown propensity to develop lung metastases (LM). Thus, identification of primary tumor characteristics that predispose patients to developing distant metastases is crucial for appropriate surveillance and adjuvant considerations for this unique patient population.
Our primary goal was to examine the incidence of lung metastasis in our cohort of patients with AiCC. We aimed to assess demographic, histopathologic and clinical factors that may indicate increased risk of developing LM in this cohort.
MATERIALS AND METHODS

Study population
We performed an IRB-approved single-institution retrospective case series of patients with AiCC of the parotid gland. Patients who underwent parotidectomy (superficial or total) for treatment of AiCC between 2000-2017 were included. Specifically, those who underwent primary surgical treatment at our institution were included. Patients who did not undergo parotidectomy as initial therapy were excluded from the study, as were patients who underwent initial surgery at a separate institution. Patients who presented with distant metastases at initial presentation were excluded. Demographics, clinical and pathologic T-, N-, and M-classifications, overall stage, primary treatment modality, histopathologic characteristics, mortality and recurrentspecific data were tabulated. Data were collected using clinical notes, pathology reports, and imaging available in our electronic medical records system. Patients were staged in accordance with the 7 th edition American Joint Committee on Cancer Staging System [8] .
Statistical analysis
Bivariate associations between clinical variables were tested with nonparametric tests (i.e., Fisher's exact test, chi-square test with Monte Carlo estimates for error terms). SPSS version 22 software (IBM; Armonk, NY, United States) was used to perform statistical analyses. All statistical tests of significance were two-sided with α of 0.05. The Kaplan-Meier method was used to generate curves for disease-free survival and overall survival.
RESULTS
Patient demographics
Fifty-five total patients with AiCC were evaluated. Patient demographic information is available in Table 1 and delineates patient cohorts with and without LM. There were 6 out of 55 (10.9%) total patients who developed LM in our cohort. Median follow-up time was 47 mo (range 1-172 mo).
Pathologic characteristics
Patients with LM presented with larger overall tumors as demonstrated on surgical pathology, with a greatest size of 4.32 cm in comparison to 2.57 cm in the non-LM cohort. There were no patients in the study who presented preoperatively with clinically detectable facial nerve weakness. Overall staging was on average greater for patients in the LM cohort with all six patients with stage IV disease. In comparison, 82% (n = 40) of the non-LM cohort had overall stages of I or II. All of the LM patients had at least T4a classification given presence of gross facial nerve invasion. The average T-classification comparison between the groups was significant (P < 0.0001), with 2 patients in the non-LM cohort with stage IV disease. Both patients had T4a classification due to skin invasion that was resected at the initial operation. They both required free tissue transfer for reconstruction and received post-operative adjuvant radiotherapy Few patients had nodal disease. Only one patient in the LM cohort had positive nodal disease on final pathology from their initial operation, in comparison to 2 (4.1%) of the non-LM cohort. All 6 of the patients in the LM cohort had gross facial nerve invasion, in comparison to none of the patients in the non-LM group (P < 0.0001).
Metastasis characteristics
Patient characteristics for LM patients is available in Table 2 . Those with LM were on average older in age (57.8 years) compared to those without LM (40.2 years). Five out of six (83.3%) of patients with LM were male. Three of the patients in the LM cohort experienced isolated distant spread to the lungs. While six of the patients in the non-LM cohort experienced local recurrence, none of them experienced regional recurrence. Eighty-three percent of the patients (n = 5) in the LM cohort underwent adjuvant radiation therapy, in comparison to 29% (n = 14) of patients in the non-LM cohort. The remaining patient refused radiation treatment. Three of the patients in the LM group underwent chemotherapy as primary modality of treatment for their recurrent cancer.
Survival characteristics
Kaplan-Meier survival curves were generated for disease-free survival and overall survival. In a univariate analysis, there were significant differences in the survival of patients who had T4 disease, high-grade differentiation, and the presence of gross facial nerve invasion ( Figure 1 ). Positive margins and N-stage were not associated with disease-free survival. Additionally, there were significant differences in the overall survival of patients who had high-grade differentiation tumors and gross facial nerve invasion (P < 0.001). Overall survival was also worse in patients with at least T4 classification in comparison to those with lower T-classification.
DISCUSSION
AiCC has historically been considered an indolent tumor, with the literature commonly referring to it as a good actor in overall salivary gland carcinoma. Within the last 15 to 20 years, there have been increasing reports of high-grade transformation in these tumors, the sequelae of which include greater risk of recurrence and metastasis, as well as reduced overall survival. While clinical and pathologic factors that portend poor disease-free survival and overall survival are well-characterized, there is a paucity of information regarding factors correlative with distant metastases in this patient population. In this retrospective review, clinical and pathologic data from 55 patients with primary AiCC of the parotid gland were analyzed. Six patients (10.9%) developed distant metastases, all of which involved the lungs. Advanced T-classification (particularly T4), high-grade differentiation, and gross facial nerve invasion were all implicated in shorter disease-free survival; highgrade differentiation on pathology is demonstrated in Figure 2 . These data suggest that patients with these high-risk characteristics, and no evidence of distant disease on presentation, may warrant consideration for additional imaging for screening purposes.
For a relatively rare pathologic classification of head and neck cancer, salivary gland malignancies demonstrate remarkable variability in their pattern and propensity for distant spread. Overall, approximately 20% of salivary gland malignancies will develop distant metastasis (DM), with high-grade pathologies demonstrating significantly greater propensity for DM [9] . Among salivary gland malignancies, salivary ductal carcinoma has demonstrates the highest rate of distant spread, with DM reported in as high as 57%-82% of patients [9] . Adenoid cystic carcinoma, particularly the solid histopathologic type, demonstrates reported rates of DM ranging from 25% to 38% [10] . Mucoepidermoid carcinoma, while considered a better actor in terms of DM, demonstrated rates of 16.3% in one large retrospective review [11] . Indeed, propensity toward distant spread is greater in lesions of intermediate and high-grade, in comparison to low-grade pathologic types. Myoepithelial carcinoma demonstrated the lowest rates of DM in a large singleinstitution study at 6% (one out of sixteen patients) [12] . Typical time to detection of DM also varies significantly amongst salivary gland malignancies. In adenoid cystic carcinoma, time to development of DM is approximately 3 years, although metastatic disease developing as late as nearly 10 years after initial diagnosis have been reported [13] . Salivary ductal carcinoma, on the other hand, tends to present more often with DM and rarely do patients develop late distant spread [14] . The most common sites for DM in salivary gland tumors include the lungs, bone, and liver; approximately one-half of all cases with distant spread will include LM [9] . Our AiCC cohort had a rate of DM of 10.9% at a mean latency of 17.8 mo (median follow-up 47 mo). A large retrospective study of AiCC from the Mayo Clinic demonstrated that 20.6% of their cohort developed DM [15] . Median time to development of DM was 3 years, with one outlier demonstrating distant spread nearly 30 years following initial diagnosis. The lungs are among the most commonly described sites of DM, although spread to the liver and to various bony anatomic sites have also been reported in various case reports and series [1] .
There are a few larger retrospective reviews in the literature that discuss factors predictive of poor prognosis in patients with AiCC. In regards to demographic and clinical features, pain, older age, male gender, mass fixation, African-American race, facial palsy and short duration of symptoms are associated with poor prognosis [15, 16] . Additional pathologic features that relate to poor prognosis microscopic features of desmoplasia, atypia or increased mitotic activity, and invasion of the lateral skull base [15, 16] . In a large NCDB report, Hoffman et al [17] identified higher grade, regional or DM at presentation, and age greater than 30 years to be significantly associated with worse disease-specific survival. A Surveillance, Epidemiology, and End Results registry based study of 1129 cases demonstrated that patients with poorly differentiated tumors and those with DM had very poor 20-year survival rates [18] . A retrospective review from Beijing demonstrated that pathologic characteristics of high-grade differentiation, nodal stage, presence of PNI and ALI were associated with worse overall survival and disease-free survival [19] . In a smaller clinical analysis on AiCC, 3 out of 20 analyzed patients who developed DM were described to have more aggressive clinical features, although these were not specified in the study [20] . In a clinicopathologic review of 25 patients, Thompson et al [21] demonstrated that highgrade transformation in AiCC was associated with a high rate of DM. A large retrospective review from Brazil on major salivary gland carcinomas demonstrated that clinical stage, positive lymph nodes, facial paralysis and invasion of adjacent structures were predictors of DM [12] . The study is limited in application to our discussion, as there were only 17 patients with AiCC, 2 of whom developed DM.
In our cohort, we identified 55 patients who underwent superficial or total parotidectomy for AiCC from 2000 to 2016. Amongst those, we identified 6 patients who developed LM. Factors that correlated with DM in our patient cohort included T4 classification, high-grade differentiation and presence of gross facial nerve invasion. Factors of older age, positive nodal status, positive margins were not found to be associated with DM in our population. This may be secondary to the smaller natures of our study. Given its overall indolent nature, the vast majority of patients with AiCC will have low-grade differentiation (93% of patients in our cohort, Figure  3 ). Six (100%) of LM patients demonstrated evidence of gross facial nerve invasion intra-operatively, necessitating sacrifice of various branches of the facial nerve. Interestingly, none of these patients demonstrated pre-operative facial nerve weakness, perhaps indicating that preoperative testing may not be helpful in assessing for possible gross nerve invasion intraoperatively. None of the non-LM cohort exhibited facial nerve invasion on pathology. Indeed, nerve invasion is considered a poor prognostic marker in many other the subtypes of cancers of the head and neck and may be predictive of distant metastases in patients with AiCC specifically.
On average, the non-LM cohort was younger (40.2 vs 57.8). This is consistent with previous finding by Neskey et al [22] that earlier age of presentation, specifically age < 45, is significantly associated with improved survival. This group also found that larger primary lesions, specifically tumors larger than 3 cm were significantly associated with decreased overall survival, consistent with the findings in our study, where all patient presenting with LM had primary tumors of 4 cm or greater.
While this study is limited by the low overall incidence of AiCC and commensurate low overall rates of distant metastases, when examined in context with larger database-driven reports there is evidence of potential important predictors of distant metastases. In particular, patients with higher T-classification, high-grade differentiation and presence of gross facial nerve invasion may warrant consideration for heightened surveillance with screening for metastasis. Considerations for heightened surveillance could include greater attention paid to pulmonary signs and symptoms, as well as more frequent utilization of chest imaging. Further study is needed to determine the clinical utility of routine screening by chest x-ray or chest CT for high risk patients. Future studies could follow high-risk patients in a longitudinal fashion to determine propensity for development of LM. Analyzing tumor specimens from patients who developed LM for molecular biomarkers could potentially lead to the discovery of actionable or predictive targets. In conclusion, AiCC of the parotid gland is widely viewed as a low-grade neoplasm with good curative outcomes and low likelihood of metastasis. With metastasis, however, this pathology does exhibit a tendency to spread to the lungs. These patients thereby comprise a unique and understudied patient population. This study suggests that patients with the identified high-risk characteristics, specifically advanced Tstage and gross facial nerve invasion, may warrant higher suspicion and heightened surveillance for metastatic lung disease. 
ARTICLE HIGHLIGHTS
Research background
AiCC is regarded as a low-grade, indolent primary cancer of the salivary gland. There are few reports in the literature of high-grade AiCC or instances of distant metastases.
Research motivation
This study aims to further identify potential predictors of distant metastases in this predominantly low-grade carcinoma. This will allow us to identify patients at risk for distant metastases and those who should be closely followed after treatment.
Research objectives
The main objective was to identify predictors of distant metastases in patients with AiCC of the parotid gland. We were able to identify gross facial nerve invasion as a unique predictor. Realizing this objective will allow us to sequence tissue from these poorly behaving carcinoma specimens and potentially identify actionable targets.
Research methods
The research methods for this study involved utilizing a thorough search via high-yield keywords and International Classification of Diseases (ICD) codes to identify all patients with AiCC treated at the study institution. Further narrowing and identification of the final dataset was undertaken through manual means.
Research results
This study identified gross facial nerve invasion as an intra-operative predictor of distant metastases in patients with AiCC of the parotid gland. Additional factors that were associated with worse disease-free survival and overall survival included higher T-classification and highgrade disease on pathology. Further studies could sequence specimens from these patients and determine possible contributing mutations or biomarkers.
Research conclusions
This study determines that gross facial nerve invasion is an intraoperative predictor of distant metastases in patients with AiCC of the parotid gland. Patients with gross facial nerve invasion should be carefully followed and potentially screened for distant metastases as part of their posttreatment surveillance. High-grade pathology and greater T-stage are associated with worse disease-free and overall survival in this patient population. Intraoperative findings a supplement pathologic findings in determining post-operative treatment plans and need for additional screening or follow-up. The new hypothesis proposed is the potential for additional predictors of poor outcomes in a largely low-grade and indolent carcinoma. This study utilized extensive keyword and ICD code-based review of a single-insitution's database. Gross facial nerve invasion is found to be predictive of distant metastases in AiCC of the parotid gland. This study confirmed our hypothesis that there are additional predictive clinical factors in patients with AiCC who develop distant metastases. This study can help identify patients who may benefit from closer dedicated follow-up or additional screening.
Research perspectives
Despite previous literature and similarly sized retrospective reviews, there can be additional useful information available in performing similar retrospective studies. Future research must take place on the basic science or translational level. This could entail sequencing tumor specimens of patients with distant metastatic development and identifying potential targetable biomarkers or mutations.
